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FULL CMOS SLEW RATE CONTROLLED 
INPUT/OUTPUT BUFFER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims priority from 
prior Italian Patent Application No. TO97-A001060, ?led 
Dec. 4, 1997, the entire disclosure of Which is herein 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to integrated circuits, and 
more speci?cally to integrated circuits having output buff 
ers. 

2. Description of Related Art 
In conventional CMOS output buffers, bouncing during 

level sWitching is caused by a combination of reactive 
components such as the buffer’s output capacitance and load 
and the reactance of the inductive case, the leads, the 
bondings, and the related solderings. Because the resistance 
of the MOS output transistors is usually insufficient to 
satisfactorily dampen such bouncing, there is an increase in 
the current that is injected into the PMOS and NMOS circuit 
elements and an increase in the sWitching noise. 

Further, in devices that are suitable for audio-radio 
applications, additional problems are caused because the 
oscillations can propagate to other circuits (e.g., multipliers, 
demodulators, oscillators, and phase-locked loops) that 
operate at high frequencies. As a result, undesired effects can 
be caused by reactive phenomena inherent in the structure 
that includes the buffer, connection pad, and bonding. 
Additionally, due to inductive leads, buffers using uncon 
trolled fast sWitching can generate oscillations in output 
signals so as to cause severe timing errors in the doWnstream 
circuits. 

To overcome such problems, a circuit designer must take 
the measures necessary to correctly buffer the signals. When 
there is a need to charge high capacities, suitable techniques 
such as a sleW rate control must be used in the driving 
buffers. For example, US. Pat. No. 5,121,000 discloses a 
CMOS output buffer circuit that has an output signal With 
loW bouncing and a feedback circuit including a capacitor. 
The capacitor acts substantially as a damping factor for the 
bouncing and control is only applied on the pull-doWn 
transistor. 

Additionally, US. Pat. No. 5,311,077 discloses an output 
buffer circuit in Which sleW rate control is used to substan 
tially maintain a constant charge and discharge current 
independent of temperature conditions and the supply volt 
age. The circuit is divided into tWo branches that can 
individually charge and discharge the output stage gates With 
a constant current. The sWitching of the circuit is only 
controlled by input signal variations so no control is applied 
on the output signal status. Further, the signal is obtained by 
a hybrid technique that is quite complex to implement. 
US. Pat. No. 5,619,147 also discloses a CMOS output 

buffer circuit With sleW rate control. The circuit has a 
feedback circuit connected to the output to control the 
variation rate of the output signal during the rising and 
falling edges of the signal. In particular, the feedback circuit 
includes a capacity and a differential pair of MOS transis 
tors. By appropriately siZing the capacity and the aspect 
factors of the MOS transistors, both the rising and falling 
edges can be set up according to desired noise characteris 
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2 
tics. HoWever, the buffer circuitry is dif?cult to implement. 
Careful design of the MOS transistors is required because 
the circuit is based on a time constant RC that results from 
the siZing of the MOS transistors. Thus, the circuit design is 
not very ?exible. 

SUMMARY OF THE INVENTION 

In vieW of these draWbacks, it is an object of the present 
invention to remove the above-mentioned draWbacks and to 
provide an output buffer circuit in Which ef?cient sleW rate 
control during the rising and falling edges of the output 
signal is achieved in a simple manner. 

Another object of the present invention is to provide an 
output buffer circuit that performs output voltage control 
through standard digital circuits. 

Yet another object of the present invention is to provide an 
output buffer circuit that alloWs various output voltage rates 
to be set. 

Still another object of the present invention is to provide 
an output buffer circuit having loWer energy consumption. 
One embodiment of the present invention provides an 

output buffer circuit that includes an input node, an output 
stage, an output node that is connected to the output stage, 
and a control circuit that controls voltage variations during 
the rising and falling edges of the output signal. The control 
circuit compares the levels of the input signal and the output 
signal and drives the output stage. In a preferred 
embodiment, the control circuit includes ?rst and second 
logic circuits that are each connected to the input and output 
nodes. The ?rst logic circuit selectively enables operation of 
a ?rst driving circuit, and the second logic circuit selectively 
enables operation of a second driving circuit. 

Another embodiment of the present invention provides a 
method for sleW rate control during rising and falling edges 
of an output signal of an output buffer circuit. According to 
the method, the level of the output signal and the level of the 
input signal are compared. If the input and output signals 
have different levels, a current is injected into or taken from 
the output node. In one preferred method, the current is 
injected or taken by controlling a ?rst driving circuit so as 
to inject a current into the output node or controlling a 
second driving circuit so as to take a current from the output 
node. 

Other objects, features, and advantages of the present 
invention Will become apparent from the folloWing detailed 
description. It should be understood, hoWever, that the 
detailed description and speci?c examples, While indicating 
preferred embodiments of the present invention, are given 
by Way of illustration only and various modi?cations may 
naturally be performed Without deviating from the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an output buffer circuit With 
sleW rate control according to an embodiment of the present 
invention; 

FIG. 2 is a schematic diagram of a portion of the output 
buffer circuit of FIG. 1; 

FIG. 3 is a schematic diagram of a CMOS embodiment of 
the output buffer circuit of FIG. 1; and 

FIG. 4 is a schematic diagram of another CMOS embodi 
ment of the output buffer circuit of FIG. 1. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention Will be 
described in detail hereinbeloW With reference to the 
attached draWings. 
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FIG. 1 shows an output buffer circuit With slew rate 
control according to an embodiment of the present inven 
tion. The output buffer circuit 1 is substantially divided in 
tWo branches: an upper branch UB and a loWer branch LB. 
The buffer has an enabling input node INP and a ?rst inverter 
IV1 in the upper branch UP is connected to the input node 
INP. A?rst AND gate AN2 has a ?rst input connected to the 
output of the ?rst inverter IV1 and a second input connected 
to the output of an ?rst and gate OR1. The gate of a PMOS 
transistor MP is also connected to the second input of the OR 
gate. The output SEL1 of the ?rst AND gate AN2 controls 
a ?rst current source I1 that has one pole connected to a 
supply voltage VDD and another pole connected to a node 
N1. The source electrodes of the PMOS transistor MP and 
an NMOS transistor MN are connected to the node N1. 

Additionally, the node N1 is connected to the input of a 
second inverter BI1 that represents the actual output buffer. 
In other Words, the output of the second inverter BI1 forms 
the output node OUT of the output buffer circuit 1. An 
electrostatic discharge protection circuit ESD is connected 
to the output node OUT. The OR gate OR1 has one input A 
that is connected to the output of the electrostatic discharge 
protection circuit ESD and another input B that is connected 
to the input node INP. The loWer branch LB, Which is similar 
to the upper branch UB, has a third inverter IV2 that is 
connected to the input node INP. ANOR gate NR1 has a ?rst 
input that receives the output of the third inverter IV2 and a 
second input that receives the output of a second AND gate 
AN 1. The gate of the NMOS transistor MN is also connected 
to the second input of the NOR gate. The output SEL2 of the 
NOR gate NR1 controls a second current source I2 that has 
one pole connected to ground GND and another pole con 
nected to the node N1. 

With the second inverter BI1 forming the actual output 
buffer as explained above, it is possible to identify a sleW 
rate control circuit SR that is ?tted for each branch (i.e., the 
upper branch UB or the loWer branch LB) With an input on 
the input node INP and an output on the output node. The 
sleW rate control circuit SR includes the OR gate OR1, ?rst 
inverter IVl, ?rst AND gate AN2, and ?rst current source I1 
of the upper branch UB, and the second AND gate AN1, 
NOR gate NR1, third inverter IV2, and second current 
source I2 of the loWer branch LB. The node N1 is the output 
of the sleW rate control circuit SR. 

FIG. 2 shoWs an exemplary embodiment of the ?rst 
current source of the output buffer circuit of FIG. 1. As 
shoWn, the current source I1 has a current mirroring circuit 
M that includes tWo PMOS channel transistors MM1 and 
MM2. The second PMOS transistor MM2 has an aspect ratio 
(i.e., a ratio of channel Width to channel length) that is m 
times the aspect ration of the ?rst PMOS transistor MM1. 
Thus, m is knoWn as a mirroring multiplier ratio. Further, 
three MOS transistors MX, MY, and MZ are connected to 
the drain of the ?rst PMOS transistor drain MM2 to receive 
the current ID that is to be multiplied. 
As shoWn in FIG. 2, these three transistors MX, MY, and 

MZ act substantially as parallel resistive paths to bias a 
diode (i.e., the ?rst PMOS transistor MM1) Whose current I D 
is mirrored in the second PMOS transistor branch, Which is 
connected to the input of the third inverter BI1 (FIG. 1). In 
response to the appropriate control signal SEL1, another 
MOS transistor MS enables operation of the current source 
I1. The second current source I2 of the output buffer circuit 
of FIG. 1 can be formed in a similar manner, possibly using 
NMOS transistors in place of the PMOS transistors (i.e., the 
PMOS transistors MM1 and MM2 are replaced by similar 
NMOS transistors MM1‘ and MM2‘). 
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4 
The operation of the output buffer circuit of FIG. 1 Will 

noW be explained. The level supplied to the second inverter 
gate BI1 is established by the tWo MOS transistors MP and 
MN. The ?rst current source I1 charges and the second 
current source I2 discharges the output gates of the second 
inverter BI1, Which operates as the buffer. The tWo current 
sources are operative in an alternate and exclusive manner 
When the level logic of the data at the input INP differs from 
the logic level at the output. When such a condition is 
veri?ed through the feedback circuit formed by the OR gate 
OR1 and ?rst AND gate AN2 of the upper branch UB and 
the second AND gate AN1 and NOR gate NR1 of the loWer 
branch LB, either a charging or discharging current Ix is 
generated by the ?rst or second current source I1 or I2, 
respectively. 

Thus, the current sources I1 and I2 are only activated 
during the rising and falling edges of the output signal (i.e., 
When an inequality condition exists betWeen the input and 
output nodes INP and OUT). On the other hand, When the 
signals at the input and output nodes are equal, the selection 
signals SEL1 and SEL2 do not activate either of the current 
sources. This reduces energy consumption. As shoWn in 
FIG. 1, the signal available at the output OUT of the output 
buffer circuit is used as the sleW rate control signal. In 
particular, the output signal is compared With the data at the 
input INP through the OR gate OR1 and ?rst AND gate 
AN1. If these signals are not equal, one of the tWo current 
sources I1 or I2 is activated depending on Whether the edge 
is a rising edge or a falling edge. 
More speci?cally, if the input signal changes from the 

ground level to the supply voltage level VDD, the discharg 
ing current source I2 is activated. Thus, the discharge is 
linearly removed from the second inverter gate BI1 and the 
gate voltage linearly changes from the supply voltage level 
VDD to the ground level. Similarly, if the input signal 
changes from the supply voltage level VDD to the ground 
level, the charging current source I1 is activated. Thus, the 
inverter BI1 is driven With a ramp having a slope equal to 
Ix/Cgm, Where Cgm is the capacity of the MOS transistor 
gate of the second inverter BI1 and Ix=n*ID, Where n is the 
product of the setting factor due to the MOS transistors MX, 
MY, and MZ and the mirroring multiplier m. Further, the 
rising time t is given by t=(Cgm*VDD)IX. 

Therefore, in the output buffer circuit of FIG. 1, the 
designer of the current sources I1 and I2 is not required to 
maintain a constant current Ix When there is a change in 
temperature, threshold values, or other parameters that are 
affected by carrier mobility. The selected values that set the 
current Ix just have to guarantee that the output buffer circuit 
Will operate Within the speci?cation limits under all thresh 
old and temperature conditions. In practice, the formula 
recited above must be multiplied by a factor of betWeen 1/2 
and 1 depending on the real shape of the current Ix 
Waveform, Which could even be triangular. In alternative 
embodiments of the present invention, instead of a resistive 
path on a MOS diode, a suitable current source is used to 
minimiZe the sleW rate spread due to temperature, poWer 
supply, MOS threshold, and gate capacity. Consequently, 
there is a modi?cation of the slopes of the output signal 
edges. 
As explained above, the feedback signal that drives one 

input Aof the second AND gate AN1 and the OR gate OR1 
is the same as the signal at the output node OUT. In preferred 
embodiments, the channel lengths of the MOS transistors 
corresponding to the one input A of these gates AN1 and 
OR1 should be longer than the minimum length in order to 
prevent the charge trapped Within the gate oxide during an 
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electrostatic discharge from having undesired effects on the 
conduction of the MOS transistor. Further, an electrostatic 
discharge protection circuit ESD is provided in order to 
prevent damage to the logic gates that are directly connected 
to the output node OUT. 

After an edge, the output signal reaches the level of the 
input signal, and the logic circuit (i.e., the ?rst and second 
AND gates, the OR gate, and the NOR gate) sWitches off the 
current source I1 or I2 that Was previously selected by an 
active selection signal SELl or SEL2. Thus, the behavior of 
the sleW rate control circuit SR is similar to a comparator 
that receives the input signal INP and the output signal OUT 
and sWitches on either the upper branch UB or the loWer 
branch LB according to the result of the comparison. In this 
respect, a logic circuit CMP (FIG. 1) With a comparison 
function can be identi?ed in the output buffer circuit. The 
logic circuit CMP is divided into an upper logic circuit 
CMPU and a loWer logic circuit CMPL that control the tWo 
current sources I1 and I2 through the tWo selection signals 
SELl and SEL2. The sleW rate speed is controlled (in the 
sense that it is determined by the current IX) through the 
design of the tWo current sources I1 and I2. 

FIG. 3 shoWs a detailed CMOS implementation for the 
output buffer circuit of FIG. 1. As shoWn, tWo additional 
inverters IVA and IVB are placed in series on the input node 
INP to obtain the complement of the input signal on a node 
INPN betWeen the inverters and to eXecute a pre-buffering 
function. Because of the inherent properties of CMOS logic, 
a NAND gate ND2 is used in place of the ?rst AND gate 
AN2 of FIG. 1, and each current source is implemented by 
using one of the MOS transistors of the corresponding NOR 
gate NR1 or NAND gate ND2. 

Additionally, the input signal complement on the node 
INPN is applied to the gates of the transistors MX and MX‘, 
Which operate to bias the diodes in the current mirrors of the 
current sources I1 and I2. The PMOS transistor MX and the 
NMOS transistors MX‘ of the respective branches of the 
output buffer circuit are connected through the correspond 
ing gate. The input signal complement on the node INPN is 
used to provide a determined logic level to the gates of the 
transistors MX and MX‘ under all conditions and to avoid 
any ?uctuating voltages that could activate the current 
sources at an undesirable time. 

FIG. 4 shoWs another CMOS embodiment of the output 
buffer circuit of FIG. 1. In this embodiment, the output 
buffer circuit 101 and a corresponding output sleW rate 
control circuit SR‘ can be placed in a tri-state condition (i.e., 
a high impedance state). An enable signal ENX and its 
complementary signal ENXN are provided to enable the 
tri-state condition. These signals are supplied to the logic 
gates of the circuit through additional circuits TRI1, TRI2, 
TRI3, TRI4, TRI5, and TRI6 that each have an NMOS or 
PMOS transistor to inhibit operation of the MOS transistors 
of the respective logic gate of the output buffer circuit 101. 

For eXample, the additional circuit TRI5 is formed by an 
NMOS transistor that is connected betWeen the NMOS 
transistor of the second inverter BI1 and ground GND. The 
additional circuit TRI5 receives the enable signal comple 
ment ENXN. During operation, a “tri-state” enable condi 
tion is provided When the enable signal ENX has a “0” value. 
In particular, the enable signal complement ENXN then has 
a “1” value to place the MOS transistor of the additional 
circuit TRI5 into a conducting condition and bring the 
NMOS transistor gate in the second inverter BI1 to ground 
and thus inhibit operation. The PMOS transistor of the 
additional circuit TRI6 operates in the same manner (i.e., it 
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6 
receives the enable signal to conduct the poWer supply 
voltage VDD to the pull-doWn transistor gate in the second 
inverter BI1 and thus inhibit operation. Thus, under tri-state 
conditions, the second inverter BI1 has both transistors 
inhibited. 

The other additional circuits TRI1, TRI2, TRI3, and TRI4 
of the output buffer circuit of FIG. 4 operate in the same 
manner. Furthermore, a pass gate device PG (i.e., a CMOS 
device that can provide a short circuit or open circuit 
function based on the enable signal) is interposed on the 
node N1 of the second inverter BI1 to further insure a high 
impedance condition. Inputs that receive the enable signal or 
its complement are also provided for the OR gate OR3 and 
the AND gate AN3, Which are respectively a three-input OR 
gate and a three-input AND gate, to provide signal feedback 
from the output node OUT. 
The output buffer circuit of the present invention can be 

fully manufactured using standard CMOS technology for 
easy integration into integrated circuits. A CMOS closed 
loop or feedback control is also obtained. Furthermore, With 
the output buffer circuit of the present invention, the 
designer does not have to maintain a constant current IX in 
the output buffer circuit When there are changes in 
temperature, threshold values, or the like. Instead, it is 
suf?cient to ensure that the behavior of the buffer circuit 
stays Within the speci?cations under all threshold and tem 
perature conditions. Therefore, the current sources of the 
output buffer circuit can be designed using resistive paths to 
bias a diode, and the resistive paths can be selected With a 
vieW to set the value of the current IX. Additionally, in 
preferred embodiments, the current sources are only acti 
vated during the rising or falling edges of the output signal 
so current and energy consumption is reduced. 

While the embodiments of the present invention described 
above relate to MOS and CMOS implementations, the 
output buffer circuit of the present invention can also be 
implemented using other semiconductor technologies. 

While there has been illustrated and described What are 
presently considered to be the preferred embodiments of the 
present invention, it Will be understood by those skilled in 
the art that various other modi?cations may be made, and 
equivalents may be substituted, Without departing from the 
true scope of the present invention. Additionally, many 
modi?cations may be made to adapt a particular situation to 
the teachings of the present invention Without departing 
from the central inventive concept described herein. 
Furthermore, embodiments of the present invention may not 
include all of the features described above. Therefore, it is 
intended that the present invention not be limited to the 
particular embodiments disclosed, but that the invention 
include all embodiments falling Within the scope of the 
appended claims. 
What is claimed is: 
1. An output buffer circuit comprising: 
an input node receiving an input signal; 
an output stage; 

an output node connected to the output stage, the output 
node providing an output signal; 

an intermediate node connected to the input of the output 
stage; and 

a control circuit for controlling voltage variations during 
rising and falling edges of the output signal, the control 
circuit receiving the input signal and the output signal, 

Wherein the control circuit compares the level of the input 
signal and the level of the output signal and drives the 
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output stage by controlling current How in the inter 
mediate node that is connected to the input of the output 
stage. 

2. The output buffer circuit as de?ned in claim 1, Wherein 
the control circuit controls voltage variations during the 
rising and falling edges of the output signal When a transition 
in the input signal occurs. 

3. The output buffer circuit as de?ned in claim 1, Wherein 
the control circuit includes: 

a ?rst driving circuit for selectively driving the output 
node; 

a second driving circuit for selectively driving the output 
node; 

a ?rst logic circuit connected to the input node and the 
output node, the ?rst logic circuit selectively enabling 
operation of the ?rst driving circuit; and 

a second logic circuit connected to the input node and the 
output node, the second logic circuit selectively 
enabling operation of the second driving circuit. 

4. The output buffer circuit as de?ned in claim 3, Wherein 
the ?rst logic circuit and the second logic circuit recogniZe 
the levels of the input signal and the output signal and 
transitions in the levels of the input signal and the output 
signal. 

5. The output buffer circuit as de?ned in claim 4, 
Wherein the ?rst logic circuit includes a ?rst cornparing 

gate that receives the input signal and the output signal, 
and 

the second logic circuit includes a second cornparing gate 
that receives the input signal and the output signal. 

6. The output buffer circuit as de?ned in claim 5, Wherein 
the ?rst cornparing gate is an OR gate and the second 
cornparing gate is an AND gate. 

7. The output buffer circuit as de?ned in claim 3, Wherein 
the ?rst driving circuit and the second driving circuit selec 
tively alloW a current to How in the intermediate node that 
is connected to the input of the output stage. 

8. The output buffer circuit as de?ned in claim 7, Wherein 
the ?rst driving circuit injects a current into the intermediate 
node and the second driving circuit takes a current from the 
intermediate node. 

9. The output buffer circuit as de?ned in claim 8, Wherein 
a ?rst lirniting transistor is connected to the intermediate 
node and to an output of the ?rst logic circuit, and a second 
lirniting transistor is connected to the intermediate node and 
to an output of the second logic circuit, so as to establish a 
steady state voltage level on the intermediate node. 

10. The output buffer circuit as de?ned in claim 9, further 
comprising a pre-buffering circuit connected to the input 
node. 

11. The output buffer circuit as de?ned in claim 3, Wherein 
each of the ?rst driving circuit and the second driving circuit 
is a current source that uses a current mirror connected to 

resistive paths obtained through transistors. 
12. The output buffer circuit as de?ned in claim 11, further 

comprising additional circuitry that receives an enable signal 
and selectively places the output node under a high irnped 
ance condition. 

13. The output buffer circuit as de?ned in claim 1, 
Wherein the control circuit is a CMOS control circuit. 

14. An output buffer circuit comprising: 
an input node receiving an input signal; 
an output stage; 
an output node connected to the output stage, the output 

node providing an output signal; and 
a control circuit receiving the input signal and the output 

signal, the control circuit including cornparison cir 

8 
cuitry that directly compares the level of the input 
signal to the level of the output signal and drives the 
output stage based on the result of the comparison, 

Wherein the control circuit controls voltage variations 
5 during rising and falling edges of the output signal 

When a transition in the input signal occurs. 
15. The output buffer circuit as de?ned in claim 14, 

Wherein the control circuit includes: 
a ?rst driving circuit for selectively driving the output 

node by selectively alloWing current How in an inter 
mediate node that is connected to the input of the output 
stage; 

a second driving circuit for selectively driving the output 
node by selectively alloWing current How in the inter 
mediate node; 

a ?rst logic circuit connected to the input node and the 
output node, the ?rst logic circuit selectively enabling 
operation of the ?rst driving circuit; and 

a second logic circuit connected to the input node and the 
output node, the second logic circuit selectively 
enabling operation of the second driving circuit. 

16. The output buffer circuit as de?ned in claim 14, 
further comprising: 

at least one current source coupled to the output stage, 

Wherein the control circuit activates the at least one 
current source Whenever the comparison circuitry indi 
cates that the input signal is not equal to the output 
signal. 

17. The output buffer circuit as de?ned in claim 14, 
further comprising: 

at least tWo current sources coupled to the output stage, 

Wherein the control circuit activates at least one of the 
current sources Whenever the comparison circuitry 
indicates that the input signal is not equal to the output 
signal. 

18. The output buffer circuit as de?ned in claim 17, 
Wherein the control circuit activates one of the current 

sources Whenever the comparison circuitry indicates 
that the input signal is not equal to the output signal due 
to a rising edge of the output signal, and 

the control circuit activates another of the current sources 
Whenever the comparison circuitry indicates that the 
input signal is not equal to the output signal due to a 
falling edge of the output signal. 

19. A method for sleW rate control during rising and 
falling edges of an output signal of an output buffer circuit, 
the output buffer circuit receiving an input signal and 
generating the output signal at an output node that is 
connected to an output stage, said method comprising the 
steps of: 

comparing the level of the output signal and the level of 
the input signal; and 

if the input signal and the output signal have different 
levels, driving the output stage by injecting a current 
into or taking a current from an intermediate node that 
is connected to the input of the output stage. 

20. The method for sleW rate control as de?ned in claim 
19, Wherein the driving step includes the sub-step of con 
trolling a ?rst driving circuit so as to inject a current into the 
intermediate node or controlling a second driving circuit so 
as to take a current from the intermediate node. 

21. The method for sleW rate control as de?ned in claim 
20, further comprising the steps of: 

providing the output signal to a ?rst logic circuit and a 
second logic circuit; and 
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providing the input signal to the ?rst logic circuit and the 
second logic circuit, 

Wherein in the comparing step, the level of the output 
signal and the level of the input signal are compared 
using the ?rst logic circuit and the second logic circuit. 

22. The method for sleW rate control as de?ned in claim 
21, Wherein the driving step includes the sub-steps of: 

controlling the ?rst driving circuit using the ?rst logic 
circuit When the level of the input signal is “0” and the 
level of the output signal is “1”; and 

controlling the second driving circuit using the second 
logic circuit When the level of the input signal is “1” 
and the level of the output signal is “0”. 

23. An information handling system including at least one 
output buffer circuit, said output buffer circuit comprising: 

an input node receiving an input signal; 
an output stage; 
an output node connected to the output stage, the output 

node providing an output signal; 
an intermediate node connected to the input of the output 

stage; and 
a control circuit for controlling voltage variations during 

rising and falling edges of the output signal, the control 
circuit receiving the input signal and the output signal, 
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Wherein the control circuit compares the level of the input 

signal and the level of the output signal and drives the 
output stage by controlling current How in the inter 
mediate node that is connected to the input of the output 
stage. 

24. The information handling system as de?ned in claim 
23, Wherein the control circuit controls voltage variations 
during the rising and falling edges of the output signal When 
a transition in the input signal occurs. 

25. The information handling system as de?ned in claim 
23, Wherein the control circuit includes: 

a ?rst driving circuit for selectively driving the output 
node; 

a second driving circuit for selectively driving the output 
node; 

a ?rst logic circuit connected to the input node and the 
output node, the ?rst logic circuit selectively enabling 
operation of the ?rst driving circuit; and 

a second logic circuit connected to the input node and the 
output node, the second logic circuit selectively 
enabling operation of the second driving circuit. 
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